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(54) Shielding device lor a millimeter wave radar casing to reduce influence of ground clutter 



(57) A millimeter wave radar (11) excelling in detec- 
tion performance, in which a shielding member (4) is 
provided in a lower front part of a transmission/reception 



antenna (1) to protrude from the transmission/reception 
antenna and background noise due to side lobes is 
thereby reduced, can be provided easily and inexpen- 
sively. 



FIG. 1 
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Description 



Brief Description of the Drawings 



Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a millimeter 
wave radar apparatus for transmitting and receiving mil- 
limeter electric waves to detect objects on the ground, 
and more particularly to a millimeter wave radar which 
is made less vulnerable to the influence of ground clut- 
ters due to side lobes. 

Description of the Related Art 

[0002] Conceivable radars for use in autonomous 
driving of vehicles and for the collision avoidance in- 
clude a millimeter wave radar. In a millimeter wave ra- 
dar, however, background noise is increased by ground 
clutters generated by side lobes, especially downward 
ones, of the transmitted electric wave (millimeter wave), 
and required signals from the target are buried in the 
noise, resulting in a deterioration in the capability to de- 
tect the target object, 

[0003] To address this clutter problem, according to 
the Japanese Published Unexamined Patent Applica- 
tion No. Hei 1 0-1 261 46, side lobes giving rise to clutters 
are intercepted by fitting metal wall or absorber around 
a transmission/reception antenna (transmit and receive 
antennas), to be housed in an antenna unit, to protrude 
from the surface of the transmission/reception antenna 
as illustrated in Fig. 13. This method to fit metal wall 
around the transmission/reception antenna within the 
antenna unit may complicate the structure of the trans- 
mission/reception antenna surface or increase the an- 
tenna unit size. 

Summary of the Invention 

[0004] An object of the present invention is to provide 
an inexpensive millimeter wave radar capable of easily 
reducing ground clutter noise and excelling in detection 
performance while minimizing the impacts on the shape 
and size of any conventional antenna unit. 
[0005] A millimeter wave radar antenna unit accord- 
ing to the invention represents a solution to the problem 
by providing a shielding member (electric shielding ma- 
terial) in a lower fore part of the antenna unit comprising 
a transmission/reception antenna (transmit and receive 
antennas); a casing for accommodating the transmis- 
sion/reception antenna; and a radome for protecting the 
transmission/reception antenna. 

Other and further objects, features and advantages of 
the invention will appear more fully from the following 
description. 



[0006] Fig. 1 is a partial perspective sectional view of 
the overall structure of a radar antenna according to the 
5 invention. 

[0007] Fig. 2 illustrates the configuration of a millime- 
ter wave radar. 

[0008] Fig. 3 is a perspective view of an embodiment 
of the invention in which a shielding member is directly 
10 fitted to a casing. 

[0009] Fig. 4 is a perspective view of an embodiment 
in which a shielding member is formed integrated with 
a casing. 

[0010] Fig. 5 is a perspective view of an embodiment 
is in which a shielding member is formed integrated with 
a radome. 

[0011] Fig. 6 is a profile of an embodiment in which a 
hood is used as a shielding member. 
[0012] Fig. 7 is a prorile or an embodiment in which a 
20 radar antenna fitted with a shielding member is installed 
within a bumper. 

[0013] Fig. 8 is a profile of another embodiment in 

which a shielding member is fitted with a heater. 

[0014] Fig. 9 is a profile of an embodiment in which a 
25 shielding member is provided with a slit. 

[0015] Fig. 10 is a profile of an embodiment in which 

a reflected electric wave is utilized. 

[0016] Fig. 1 1 is a perspective view of a transmission/ 

reception antenna according to the prior art. 
30 [0017] Fig. 12 is a diagram illustrating how ground 

clutters arise. 

[0018] Fig. 13 is a spectral diagram of a receive sig- 
nal. 

[0019] Fig. 14 is a spectral diagram of a receive signal 
35 where a shielding member is provided. 

Detailed Description of the Preferred Embodiments ' 

[0020] The configuration of a preferred embodiment 
40 of the present invention will be described in detail below. 
[0021] Fig. 2 illustrates a state in which a millimeter 
wave radar according to the invention is mounted on a 
vehicle. The millimeter wave radar consists of three el- 
ements including an antenna unit 11 for transmitting and 
45 receiving electric waves (millimeter wave), an indicator 
(a display unit) 1 3 for informing the driver of a target that 
has been delected, and a control circuit 1 2 Forcontrolling 
the antenna 11 and the indicator 13, and the antenna 
unit 11 is installed on the front part of the vehicle so that 
50 it can transmit an electric wave (millimeter wave) in the 
running direction of the vehicle. Further, a shielding 
member (electric shielding material) 4 is fitted in a lower 
front part of the antenna unit 11 . 

[0022] Fig. 1 is a partial perspective sectional view of 
55 the overall structure of the antenna unit 1 1 best illustrat- 
ing a characteristic of the invention. Referring to Fig. 1 , 
a transmission/reception antenna (transmit and receive 
antennas) 1, which transmits and receives electric 
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waves (millimeter wave), is housed in a casing 2 for fix- 
ing the transmission/reception antenna 1 . and a radome 
3 (cover) is fitted to the front of the transmission/recep- 
tion antenna 1 to protect the transmission/reception an- 
tenna 1 from spattered pebbles, rain and the like. The 
antenna unit 11 is fitted to the vehicle with metal brack- 
ets 16, at the bottom of which the shielding member 4 
is provided protruding from the front of the antenna unit 
11. 

[0023] Next will be described the operation of this em- 
bodiment of the invention. Usually, an antenna unit is 
installed in front of the vehicle for use in detection of any 
target existing ahead in the running direction of the ve- 
hicle. In a Doppler radar system, for instance, which is 
a version of millimeter wave radar, can figure out the 
running speed and the distance to the target by trans- 
mitting the main beam of an electric wave toward the 
target and observing the Doppler frequency of the elec- 
Iric wave reflected by the largel and the phase differ- 
ence between the transmitted and received electric 
waves. However, the transmitted wave has side lobes, 
and the strong reflections of the side lobes from the road 
surface (ground clutters) are also received by the recep- 
tion antenna together with a signal from the target. 
[0024] Fig. 1 2 typically illustrates a side lobe 6, which 
generates ground clutters : and a main beam 5 in the 
aforementioned embodiment. Here, the electric wave is 
supposed to be transmitted from one point on the an- 
tenna unit 11 . Further, the radiation angle (transmit an- 
gle) of the electric wave with reference to the horizontal 
plane is supposed to be 0 positively toward the road sur- 
face(downward direction). First, the spectrum of a re- 
ceive signal in a state in which the shielding member 4 
to intercept the side lobe 6 is shown in Fig. 13. In this 
example, as the antenna unit 11 is moving in the direc- 
tion of electric wave transmission at a speed of 60 km/ 
h, a Doppler frequency relative to the ground surface is 
generated. In Fig. 13, the noise floor of region A attrib- 
utable to a Doppler frequency at no more than 6.7 kHz 
(corresponding to a speed of 60 km/h) mostly consists 
of noise attributable to ground clutters, and this noise 
brings down the S/N ratio, resulting in a drop in the ra- 
dar's detection capability. Next, by fitting the shielding 
member 4 to protrude by X mm from the antenna unit 
11 and keeping the distance between the electric wave 
emitting point (transmit portion of millimeter wave) and 
the shielding member 4 at H mm, side lobes 6 of 0 lo 90 
degrees in radiation angle e can be intercepted as rep- 
resented by Equation (1). 



X = H/tan 6 



Equation (1) 



grees or more can restrain ground clutters correspond- 
ing to a Doppler frequency of 4.7 kHz or less. The spec- 
trum of ground clutters and the receive signal in this 
state is shown in Fig. 14, which indicates that the level 
5 of noise due to ground clutters is reduced to that of noise 
generated by the electronic circuit section of the anten- 
na unit 11, i.e. ground clutters can be almost wholly re- 
moved by the shielding member 4. 



For intercepting side lobes 6 of 45 degrees or more in 
radiation angle 6 for example, X = 43.1 mm when H = 
43.1 mm. The relationship between the radiation angle 
6 and the Doppler frequency fd [Hz] is represented by 
Equation (2). Interception of side lobes 6 of 0 = 45 de- 
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fd - 2 x V x cos 0/X Equation (2) 



Here, V represents the moving speed (60 km/h in this 
case) of the antenna unit 11 , and X, the wavelength of 

is the millimeter wave (5 mm in this case). 

[0025] Further in Fig. 13, the greater the noise due to 
ground clutters, the lower the Doppler frequency. This 
is because, with an increase in the radiation angle 6 of 
the electric wave, the distance between the antenna unit 

20 and the ground surface shortens, resulting in a rise in 
the reception intensity of ground clutter noise. Thus, as 
Equation (2) indicates, 0 increases with a decrease in 
fd, resulting in a shortened distance between the anten- 
na unit and the ground surface, which invites a rise in 

25 ground clutter noise. For this reason, interception of side 
lobes 6, if only their area in which 8 is great, can sub- 
stantially lower the noise floor of ground clutters. 
[0026] The above-described embodiment; since the 
shielding member 4 which can intercept or attenuate 

30 side lobes 6 is fitted to the metal brackets 16 to project 
from the lower front part of the transmission/reception 
antenna 1 as shown in Fig. 1 , can reduce inexpensively 
and easily the impact of ground clutters due to side lobes 
(i.e. reduce noise) though it uses a conventional anten- 

35 na unit 11 (while minimizing the increase in size of the 
antenna unit 11 ) and thereby to enhance the target de- 
tecting capability. 

[0027] In the above-described embodiment, the 
shielding member 4 may as well be fitted directly to the 

40 antenna unit 11 by adhesive 14 as illustrated in Fig. 3. 
Or by sticking an electric wave (millimeter wave) absorb- 
er to the electric wave (millimeter wave) reflecting sur- 
face of the shielding member 4, the intensity of the re- 
flection of side lobes 6 by the shielding member 4 can 

45 also be reduced. 

[0028] Next, other preferred embodiments of the 
present invention will be described with reference to re- 
spectively pertinent drawings. 

[0029] Fig. 4 is a schematic diagram of an example in 
so which a shielding member is formed of the same mem- 
ber as and integrated with a casing. The shielding mem- 
ber 4 is formed by utilizing part of the casing 2. This em- 
bodiment can reduce the amount of labor involved in the 
fitting of the shielding member 4 to the antenna unit 1 1 . 
55 [0030] Fig. 5 is a schematic diagram of an example in 
which part of the radome surface is metal-plated or an 
electric wave absorber is stuck to it, instead of providing 
a shielding members As illustrated, by forming a pro- 
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trading part 1 7 on the lower front part of the radome 3 
and providing its surface with metal plating 15, a similar 
effect to that of the shielding member 4 can be ach ieved. 
Also, instead of the use of the metal plating 15, an elec- 
tric wave absorber can be used, or both metal plating 5 
and an electric wave absorber may be used in combi- 
nation. This embodiment can provide a similar effect to 
an embodiment using a shielding member 4. Further, 
since its protruding part 1 7 is integrated with the radome 
3, both the manufacturing cost and the weight can be 10 
reduced. 

[0031] Fig. 6 is a schematic diagram of an example in 
which part of the vehicle on which the antenna unit is to 
be installed is utilized as a shielding member instead of 
providing a special shielding member. For instance, by '5 
placing the antenna unit 11 on the hood 20 as part of a 
vehicle 1 9 as illustrated, part of the vehicle 1 9, the hood 
20 in this particular case, can be substituted for the 
shielding member 4. This embodiment can intercept 
side lobes 6 by utilizing part of the vehicle 19, such as 20 
the hood 20. 

[0032] Fig. 7 is a schematic diagram of a millimeter 
wave radar-mounted vehicle in which a millimeter wave 
radar, which is an embodiment of the present invention, 
is installed within the vehicle. The inside part of the ve- 25 
hide in which the antenna unit 11 with the shielding 
member 4 is to be installed may be, for instance, within 
a bumper 23. The bracket 1 6 on which the antenna unit 
11 is mounted is fixed to a vehicle frame 24 by screws 
18. This embodiment can reduce the sticking of snow 30 
flakes to the antenna unit 11 or the shielding member 4, 
and can further diminish the risk of the damage of the 
antenna unit 11 due to contact with any outside object. 
[0033] Fig. 8 is a schematic diagram of an example in 
which a device to warm the shielding member is provid- 35 
ed. In Fig. 7, reference numeral 7 denotes a heater for 
melting snow 22, which is stuck to warm the shielding 
member 4. In this embodiment, wherein the shielding 
member 4 is warmed with the heater 7, the heat can also 
melt the snow sticking to the radome 3 and the shielding 40 
member 4, thereby to prevent the detecting capability of 
the radar from being deteriorated by the sticking snow. 
At the same time, the heat generating within the casing 
2 can be transmitted to the shielding member 4 for use 
in melting the snow. 45 
[0034] Fig. 9 is a schematic diagram of an example in 
which a slit is cut in the shielding member. As illustrated, 
a slit 9 is cut through which to let dust and snow falling 
on the shielding member 4 fall off. Furthermore, a con- 
figuration to generate a flow of air along the surface of so 
the radome 3 may be adopted by fitting an appended 
structure 8 to gather air streams to facilitate the removal 
of dust and snow through the slit 9 or inclining the sur- 
face shape of the radome 3. This embodiment, by cut- 
ting the slit 9 in the shielding member 4, can remove 55 
dust and snow sticking to the shielding member 4 
through the slit 9, thereby to prevent the dust and snow 
from deteriorating the detection performance. Further, 



the installation of the appended structure 8 to collect air 
flows causes an air stream to generate along the surface 
of the radome 3 and to utilize its force to remove dust 
and snow through the slit 9. 

[0035] Fig. 1 0 is a schematic diagram of an example 
in which a transmission/reception antenna, a casing for 
accommodating the transmission/reception antenna, 
and a radome for protecting the transmission/reception 
antenna are provided, and a shielding member having 
a shape to reflect side lobes in the same direction as the 
transmitting direction of the main beam is installed out- 
side the radome toward the lower front part of the trans- 
mission/reception antenna. In Fig. 10. to the antenna 
unit 11 is fitted a metallic parabola-shaped shielding 
member 4 or an appended structure 1 0, and an electric 
wave emitted sideways may as well be reflected for- 
ward. In this embodiment, by installing the parabola- 
shaped shielding member 4 or the appended structure 
1 0 in front of the antenna unit 1 1 , ground clutters can be 
restrained, side lobes can be reflected in the same di- 
rection as the main beam, and the directionality of the 
electric wave can be increased, thereby to enhance the 
detection performance. 

[0036] According to tho present invention, a millimeter 
wave radar excelling in detection performance can be 
provided by installing a shielding member for intercept- 
ing side lobes in the lower front part of the transmission/ 
reception antenna, and thereby reducing background 
noise due to side lobes easily and inexpensively. 
[0037] The foregoing invention has been described in 
terms of preferred embodiments. However, those 
skilled, in the art will recognize that many variations of 
such embodiments exist. Such variations are intended 
to be within the scope of the present invention and the 
appended claims. 



Claims 

1 . A millimeter wave radar comprising: 

a transmission/reception antenna (1); 
a casing (2) for accomodating said transmis- 
sion/reception antenna; and 
a radome (3) for protecting said transmission/ 
reception antenna, wherein a shielding mem- 
ber (4) for intercepting an electric wave from 
said transmission/reception antenna to the 
ground is provided protruding from the lower 
front part of said transmission/reception anten- 
na outside said radome. 

2. A millimeter wave radar comprising: 

a transmission/reception antenna (1) ; 
a casing (2) for accomodating said transmis- 
sion/reception antenna; and 
a radome (3) for protecting said transmission/ 
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reception antenna, wherein a shielding mem- 
ber (4) for intercepting ground clutters due to 
side lobes from said transmission/reception an- 
tenna is provided protruding from the lower 
front part of said transmission/reception anten- 5 
na outside said radome. 

3. A millimeter wave radar, as claimed in Claim 1 or 2, 
wherein the shielding member (4) is formed of the 
same material as, and integrated with, said casing 10 
(3). 

4. A millimeter wave radar, as claimed in Claim 1 or 2, 
wherein, instead of providing a shielding member: 

part of said radome surface is metal-plated *5 
(15) or an electric wave absorber is stuck to it. 

5. A millimeter wave radar, as claimed in Claim 1 or 2, 
wherein: 

instead or providing said shielding member, 20 
part of the vehicle on which the antenna unit is to 
be installed is utilized as a shielding member. 

6. A millimeter wave radar-mounted vehicle within 
which a millimeter wave radar (11 ) claimed in Claim 25 
1 is installed. 

7. A millimeter wave radar, as claimed in Claim 1 or 2, 
further comprising: 

a device (7) for warming said shielding mem- 30 

ber. 

8. A millimeter wave radar, as claimed in Claim 1 or 2, 
wherein: 

a slit (9) is provided in said shielding member. 35 

9. A millimeter wave radar comprising: 

a transmission/reception antenna (1); 
a casing (2) for accommodating said transmis- *o 
sion/reception antenna; and 
a radome (3) for protecting said transmission/ 
reception antenna, wherein a shielding mem- 
ber (4) having a shape to reflect side lobes in 
the same direction as a main beam is provided 
toward the lower front part of the transmission/ 
reception antenna outside the radome. 
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FIG. 13 
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FIG. 14 

REMOVED GROUND CLUTTER NOISE 
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(54) Shielding device for a millimeter wave radar casing to reduce influence of ground clutter 



(57) A millimeter wave radar (11) excelling in detec- 
tion performance, in which a shielding member (4) is 
provided in a lower front part of a transmission/reception 



antenna (1 ) to protrude from the transmission/reception 
antenna and background noise due to side lobes is 
thereby reduced, can be provided easily and inexpen- 
sively. 



FIG. 1 
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